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(54) Apparatus and method of gray scale video signal processing for matrix display apparatus 



(57) A video signal is processed using dither 

coefficients. Dither coefficients pattern signals are 
generated. Each pattern signal carries positive and 
negative dither coefficients ananged in an (n x m ) 
matrix where ■ n* and " m" being positive integers 
larger than zero, the sum total of the coefficients 
being zero. One of the pattern signal is selected for 
each predetermined unit of picture carried by the video 
signal. Or, It is selected according to locations of 
dither coefficients on pixels arranged on a display 
panel. Dither coefficients of the selected pattern 
signal are added to an input video signal, thus 
outputting a video signal to be supplied to the display 
panel. Instead of the dither coefficients pattern 
signals, dither pattern signals can be generated, each 
carrying positional data indicating locations of dither 
coefficients on the pixels on the display panel. A 
dither coefficient signal to be added to the input 
signal is generated which carries the dither 
coefficients arranged in a matrix for each gradation 
level of the input video signai in response to one of 
the dither pattern signal: Dither coefficients pattern 
signals can be generated according to color gradation 
levels of data carried by the input video signal, the 
data being supplied to each of dot matrices- that 
constitute the pixels, each pattern signal carrying 
dither coefficients arranged in a matrix corresponding 
to each dot matrix. One of dither coefficients is 



selected from each pattern signal with respect to each 
dot matrix, thus outputting a dither coefficients 
pattern signal that carries the dither coefficients 
selected from the pattern signals and arranged in the 
matrix. The dither coefficients carried by me output 
pattern signal to be added to the input video signal 
are adjusted so that the sum total of the dither 
coefficients carried by the output pattern signal is zero. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an apparatus 
and a method of video signal processing. Particularly, 
this invention relates to an apparatus and a method of 
video signal processing for matrix display apparatus, 
such as, plasmdisplaypanels(PDPs), field emission dis- 
plays (FEDs), digital micromirror devices (DMDs) and 
electroluminescent displays (ELs). 
[0002] Pictures are displayed on PDPs, ELs and 
FEDs at a particular number of levels of gradation of 
color. The number is limited under digital processing for 
PDPs that display pictures with division of one field to 
sub-fields, and ELs and FEDS that display pictures with 
pulse width modulation (PWM). 
[0003] PDPs, ELs and FEDs require reverse-gamma 
correction of video signals that have undergone gamma 
correction for regaining linear gradation. 
[0004] Matrix display apparatus execute multi-grada- 
tion processing using dither matrices for achieving con- 
tinuous gradation that would be degraded due to digital 
reverse-gamma correction. 

[0005] Multi-gradation processing use dither matrices 
each having groups of adjacent pixel dots to provide in- 
termediate gradatbn of the gradation that would other- 
wise be degraded due to reverse-gamma correction. 
[0006] Six bit-gradation display apparatus display pic- 
tures with upper significant six bits of 8-bit dot data by 
means of dither matrices each having adjacent 2x2 
dots on which a noise pattern is superimposed for the 
low significant two bits that will overflow in each dither 
matrix. These processing provide pictures with 8-bit gra- 
dation under visual integration. 
[0007] Illustrated in FIG. 1 are well known dither co- 
efficients matrix patterns. Shown here are dither coeffi- 
cients patterns, each of which has a matrix of 2 x 2 dots 
(a, b, c and d). Each dot corresponds to one pixel of red 
(R), green (G) and blue (B). 

[0008] The dither coefficients patterns are added to 
video signals for dot data on a display panel, such as a 
'PDP In detail, dither coefficients (a, b, a, b, ...) and (c, 
d, c, d, ...) are added to luminance values of R, G, and 
B of dot data on odd and even lines, respectively, of a 
dot matrix on the PDP The addition starts from the head 
dot on each odd or even line. Furthermore, the dither 
coefficients (a, b, c and d) are added to the video signals 
for four adjacent dots of the same cobr for each of R, 
G and B. 

[0009] Illustrated in (A) of FIG. 1 are two dither coef- 
ficients patterns (1) and (2) where the coefficients for 
the pattern (a, b, c, and d) are (0, 1, 2, and 3) and ( 3, 
2, 1 and 0), respectively. The two patterns are switched 
for each field. 

[0010] Illustrated in (B) of FIG. 1 are four dither coef- 
ficients patterns (1 ) to (4) where the coefficients for the 
patterns (a, b, c, and d) are (0, 1 , 2, and 3), (2, 0, 3 and 



1 ), (3, 2, 1 , and 0) and (1 , 3, 0 and 2), respectively. The 
four patterns are switched cyclically for each field. 
[0011] Illustrated in FIG. 2 is video signal processing 
using the two dither coefficients patterns (1) and (2) 
5 shown in (A) of FIG. 1. 

[0012] In detail, the dither coefficients (0, 1 , 2, and 3) 
of the pattern (1 ) are added to dot data (9, 1 7, 3 and 5) 
of an input 8-bit video signal shown in (A) of FIG. 2 to 
obtain data (9, 18, 5 and 8). 
10 [001 3] The values (9, 1 8, 5 and 8) are larger than the 
8-bit values (9, 17, 3 and 5) of the input video signal. 
The values (9, 18, 5 and 8) are then processed by lim- 
iting the values that overflow the input 8-bit values and 
also dropping the values of lower two bits to obtain a 
15 6-bit output video signal of data (8, 1 6, 4 and 8). 

[001 4] Each data of (8, 1 6, 4 and 8) is expressed with 
a multiple number of four. The actual data for the 6-bit 
output video signal are (2, 4, 1 and 2). The 6-bit output 
video signal is a multi-gradation signal for which the 
number of gradation levels appear to be increased to 
eight bits for 6-bit PDPs with the dither coefficients pat- 
tern (1). 

[001 5] The data (9, 1 8, 5 and 8) may be processed by 
limiting the values that overflow the input 8-bit values 
(9, 17, 3 and 5) for 8-bit PDPs to provide 10-bit multi- 
gradation without dropping low tow-bit values. 
[0016] Next, the dither coefficients (3, 2, 1 , and 0) of 
the pattern (2) are added to dot data (9, 17, 3 and 5) of 
an input 8-bit video signal shown in (B) of Fl G. 2 to obtain 
data (12, 19, 4 and 5). 

[0017] The values (12, 19, 4 and 5) are also larger 
than the 8-bit values (9, 17, 3 and 5) of the input video 
signal. The values (12, 19, 4 and 5) are processed by 
limiting the values that overflow the input 8-bit values 
and dropping the values of lower two bits to obtain a 
6-bit output video signal of data (12, 16, 4 and 4). 
[0018] Each of the data (12, 16, 4 and 4) is also ex- 
pressed with a multiple number of four. The actual data 
for the 6-bit output video signal are (3, 4, 1 and 1 ). The 
6-bit output video signal is a multi-gradation signal for 
which the number of gradation levels appear to be in- 
creased to eight bits for 6-bit PDPs with the dither coef- 
ficients pattern (2). 

[0019] The output video signals shown in (A) and (B) 
of FIG. 2 are switched for each field. 
[0020] Video signal processing using the dither coef- 
ficients patterns (1) to (4) shown in (B) of FIG. 1 are ba- 
sically the same as those discussed above with refer- 
ence to FIG. 2. The dither coefficients patterns (1 ) to (4) 
are switched cyclically for each field to provide multi- 
gradation spatially continuous than those provided by 
the dither coefficients patterns (1) and (2) shown in (A) 
of FIG. 1. 

[0021] Video signals undergo digital reverse-gamma 
correction to provide linear gradation before being sup- 
plied to display apparatus such as PDPs. The reverse- 
gamma correction decreases the number of gradation 
levels at low luminance level to cause uncontinuous gra- 
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dation, thus resulting degradation of pictures. 
[0022] PDPs provides gradation of color by constitut- 
ing one field with sub-fields with different luminance 
weighting and selecting some of the sub-fields. The sub- 
field selection sometimes causes differences in visual 
luminance between adjacent gradations. This results in 
degradation of still and moving pictures with pseudo 
edges generated on pictures. 

[0023] The dither coefficients patterns discussed 
above are employed for pictures of liner gradation which 
would otherwise be degraded due to generation of pseu- 
do edges on pictures. The dither coefficients patterns 
shown in FIG. 1 are however applied for all the grada- 
tions with the same dither coefficients. 
[0024] These dither coefficients patterns contribute 
degradation of pictures with pseudo edges due to a big 
luminance difference between adjacent gradations for 
which the dither coefficients give a big difference in the 
number of sub-fields selected at intermediate to high lu- 
minance levels. 

[0025] Degradation of gradation due to digital re- 
verse-gamma correction differs over low to high lumi- 
nance levels. There is a big difference in such degrada- 
tion particularly at the low luminance level. 
[0026] The dither coefficients patterns shown in FIG. 
1 are applied for all the gradations with the same dither 
coefficients as discussed above. This results in continu- 
ity only for a part of gradations on pictures. 

SUMMARY OF THE INVENTION 

[0027] A pu rpose of the present invention is to provide 
an apparatus and a method of video signal processing 
for matrix display apparatus that improve continuity for 
all the gradations with extremely less generation of nois- 
es, such as pseudo edges on pictures. 
[0028] The present invention provides an apparatus 
for processing a video signal. 

[0029] The apparatus includes a generator to gener- 
ate at least one dither coefficients pattern signal, the pat- 
tern signal carrying positive and negative dither coeffi- 
cients arranged in an (n x m ) matrix where " n" and B m° 
being positive integers larger than zero, the sum total of 
the coefficients being zero; and an adder to add the dith- 
er coefficients of the pattern signal to an input video sig- 
nal, thus outputting a video signal. 
[0030] The present invention further provides an ap- 
paratus for processing a video signal. 
[0031] The apparatus includes a pattern generator to 
generate a plurality of dither pattern signals, each pat- 
tern signal carrying positional data indicating locations 
of dither coefficients on pixels arranged in a matrix on a 
display panel; a coefficient generator to generate a dith- 
er coefficient signal carrying the dither coefficients ar- 
ranged in a matrix for each gradation level of an input 
video signal in response to one of the pattern signal; and 
an adder to add the coefficient signal to the input video 
signal, thus outputting a video signal to be supplied to 



the display panel. 

[0032] The present invention still provides an appara- 
tus for processing a video signal. 
[0033] The apparatus includes a generator to gener- 

5 ate a plurality of dither coefficient signals, each coeffi- 
cient signal carrying dither coefficients arranged in a 
matrix; a detector to detect color gradation levels of an 
input video signal; and an adder to add one of the coef- 
ficient signals to signal components at predetermined 

10 gradation levels of the input video signal, th us outputting 
a video signal. 

[0034] The present invention also provides an appa- 
ratus for processing a video signal. 
[0035] The apparatus includes a coefficient generator 

15 to generate a plurality of dither coefficients pattern sig- 
nals according to color gradation levels of data carried 
by an input video signal, the data being supplied to each 
of dot matrices that constitute pixels on a display panel, 
each pattern signal carrying dither coefficients arranged 

20 jn a matrix corresponding to each dot matrix; a selector 
to select one of dither coefficients from each pattern sig- 
nal with respect to each dot matrix, thus outputting a 
dither coefficients pattern signal that carries the dither 
coefficients selected from the pattern signals and ar- 

2S ranged in the matrix; an adjuster to adjust the dither co- 
efficients carried by the output pattern signal so that the 
sum total of the dither coefficients carried by the output 
pattern signal is zero; and an adder to add the dither 
coefficient-adjusted pattern signal to the input video sig- 

30 nal, thus outputting a video signal carrying the data to 
be supplied to the display panel. 
[0036] Furthermore, the present invention provides a 
method of processing a video signal. 
[0037] At least one dither coefficients pattern signal is 

35 generated, the pattern signal carrying positive and neg- 
ative dither coefficients arranged in an (n x m ) matrix 
where " n B and ■ m 1 being positive integers larger than 
zero, the sum total of the coefficients being zero. The 
dither coefficients of the pattern signal is added to an 

to input video signal, thus outputting a video signal. 

[0038] Moreover, the present invention provides a 
method of processing a video signal. 
[0039] A plurality of dither pattern signals are gener- 
ated, each pattern signal carrying positional data related 

45 to pixels arranged in a matrix on a display panel. A dither 
coefficient signal is generated which carries the dither 
coefficients arranged in a matrix for each gradation level 
of an input video signal in response to one of the pattern 
signal. And, the dither coefficient signal is added to the 

so input video signal, thus outputting a video signal to be 
supplied to the display panel. 
[0040] The present invention still provides a method 
of processing a video signal. 

[0041] A plurality of dither coefficients pattern signals 
5S are generated according to color gradation levels of data 
carried by an input video signal, the data being supplied 
to each of dot matrices that constitute pixels on a display 
panel, each pattern signal carrying dither coefficients ar- 
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ranged in a matrix corresponding to each dot matrix. 
One of dither coefficients is selected from each pattern 
signal with respect to each dot matrix, thus outputting a 
dither coefficients pattern signal that carries the dither 
coefficients selected from the pattern signals and ar- 
ranged in the matrix. The dither coefficients carried by 
the output pattern signal are adjusted so that the sum 
total of the dither coefficients carried by the output pat- 
tern signal is zero. And, the dither coefficient-adjusted 
pattern signal is added to the input video signal, thus 
outputting a video signal to be supplied to the display 
panel. 

BRIEF DESCRIPTION OF DRAWINGS 
[0042] 

FIG. 1 illustrates well known dither coefficients pat- 
terns; 

FIG. 2 illustrates video signal processing using the 
dither coefficients patterns shown in FIG. 1; 
FIG. 3 shows a block diagram of the overall config- 
uration of a video signal processing system with a 
video signal processing apparatus according to the 
present invention; 

FIG. 4 shows a block diagram of the first preferred 
embodiment of a video signal processor according 
to the present invention; 

FIG. 5 illustrates dither coefficients patterns used in 
the first embodiment; 

FIG. 6 illustrates the relationship between dot data 
and dither coefficients patterns on the display panel 
according to the present invention; 
FIG. 7 illustrates video signal processing using the 
dither coefficients patterns shown in FIG. 5; 
FIG. 8 illustrates switching of dither coefficients pat- 
terns used in the first embodiment; 
FIG. 9 shows a block diagram of the second pre- 
ferred embodiment of a video signal processor ac- 
cording to the present invention; 
FIG. 10 illustrates dither patterns used in the sec- 
ond embodiment; 

FIG. 11 illustrates dither coefficients decided for 
each gradation groups using the dither patterns 
shown in FIG. 10; 

FIG. 1 2 illustrates decision of dither coefficients that 
will be added to an input video signal in the second 
embodiment; 

FIG. 1 3 illustrates decision of dither coefficients that 
will be added to an input video signal in the second 
embodiment; 

FIG. 1 4 illustrates dither coefficients patterns decid- 
ed as shown in FIG. 12 or 13; 
FIG. 1 5 illustrates dither coefficients patterns decid- 
ed as shown in FIG. 12 or 13; 
FIG. 1 6 illustrates video signal processing using the 
dither coefficients patterns shown in (A) of FIG. 14; 
FIG. 1 7 shows a block diagram of the third preferred 



embodiment of a video signal processor according 
to the present invention; 

FIG. 18 illustrates dither coefficients patterns used 
in the third embodiment; 
5 FIG. 19 illustrates switching of two dither coeffi- 
cients patterns at respective gradation levels in the 
third embodiment; 

FIG. 20 illustrates switching of four dither coeffi- 
cients patterns at respective gradation levels in the 
10 third embodiment; 

FIG. 21 illustrates selection of dither coefficients in 
the third embodiment; 

FIG. 22 illustrates selection of dither coefficients in 
the third embodiment; 
'5 FIG. 23 illustrates adjustment of dither coefficients 
in the third embodiment; 

FIG. 24 illustrates dither coefficients adjusted as 
shown in FIG. 23; and 

FIG. 25 illustrates processing by the video signal 
20 processor shown in FIG. 17. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

25 [0043] Preferred embodiments according to the 
present invention will be described with reference to the 
attached drawings. 

[0044] Shown in FIG. 3 is a block diagram of the over- 
all configuration of a video signal processing system 

30 with a video signal processing apparatus or processor 
according to the present invention. 
[0045] An input video signal is supplied to a video sig- 
nal processor 100. The video signal undergoes a 
processing for achieving multi-gradation with dither co- 

35 efficients patterns which will be described later. The vid- 
eo signal is then supplied to a reverse-gamma corrector 
200 for digital reverse-gamma correction, and is sup- 
plied to a matrix display apparatus 300, such as a PDP. 
Although not shown, three sets of the video signal proc- 

40 essors 100 and reverse-gamma correctors 200 are re- 
quired for R-, G- and B-video signals. The reverse-gam- 
ma correction may be executed simultaneously with or 
before the multi-gradation processing. ■ 
[0046] Shown in FIG. 4 is a block diagram of the first 

& embodiment of a video signal processor according to 
the present invention, which can be employed as the 
video processor 100 shown in FIG. 3. 
[0047] A dither matrix coefficients generator 11 gen- 
erates a plurality of (n X n) dot matrix dither coefficients 

so patterns. Illustrated are an 1 m" number of dither coeffi- 
cients patterns. The number " m" is an integer of two or 
more. The generator 11 may include ROMs for storing 
the dither coefficients patterns. Or, such patterns can be 
programmed as software. 

55 [0048] One of the dither coefficients patterns is select- 
ed by a selector 12 and supplied to an adder 13. The 
pattern selection is performed according to selection da- 
ta supplied to the selector 12. The selection data is time 
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data or positional data on a display panel of the PDP 
300 (FIG. 3). The time data is, for example, field data, 
that indicates the timing of selecting the patterns for 
each field, a predetermined unit of picture, carried by 
the video signal. The positional data is, for example, 
scanning line data or pixel data, both indicating the lo- 
cations of the pixels on the display panel. These data 
are generated from horizontal and vertical synchroniz- 
ing signals. 

[0049] The dither coefficients of the selected pattern 
is added to an input video signal which may be a digital 
signal, and the resultant signal is supplied to a limiter 
14. The limiter 14 limits the values of the output signal 
of the adder 1 3 that overflow or underflow the values of 
the total bits of the input video signal, to generate an 
output video signal. Lower bits of the output signal of the 
adder 1 3 may also be limited according to the gradation 
performance of the PDP 300. 

[0050] Illustrated in FIG. 5 are dither coefficients pat- 
terns, according to the present invention, each of which 
consists of a matrix of 2 x 2 dots (a, b, c and d). 
[0051] The relationship between dot data on a display 
panel of the PDP 300 and the dither coefficients patterns 
is explained with reference to FIG. 6. There are a plu- 
rality of dots 302 of N lines and M columns on a display 
panel 301 of the PDP 300. Each dot shown in FIG. 6 
corresponds to a pixel of one color such as red on the 
panel 301 for brevity. However, three dots of R, G and 
B are aligned in the direction of line on each section such 
as the section of the first line and the first column. 
[0052] The dither coefficients of the matrix (a, b, c and 
d) are added to a video signal of dot data supplied to 
each dot 302. The dither coefficients (a, b, a, b, ...) and 
(c, d, c, d, ...) are added to luminance values of dot data 
on odd and even lines, respectively, starting from the 
head dot on each line. 

[0053] Illustrated in (A) of FIG. 5 are two dither coef- 
ficients patterns (1) and (2) where the coefficients for 
the dots (a, b, c and d) are (-2, 1, -1 and 2) and (2, -1, 
1 and -2), respectively. The two patterns can be 
switched for each field according to the selection data 
supplied to the selector 1 2. 

[0054] Illustrated in (B) of FIG. 5 are four dither coef- 
ficient patterns (1 ) to (4) where the coefficients for the 
dots (a, b, c and d) are (-2, 1, -1 and 2), (-1, -2, 2 and 
1), (2, -1, 1 and -2 ) and (1,2,-2 and-1), respectively. 
The four patterns can be cyclically switched for each 
field according to the selection data supplied to the se- 
lector 12. 

[0055] The dither coefficients patterns according to 
the present invention are different from those shown in 
FIG. 1 in that each pattern of the present invention con- 
sists of positive and negative coefficients, the sum total 
of which is zero. For example, the addition of the coef- 
ficient groups (-2, -1) and (1, 2) are zero in the pattern 
(1) shown in (A) of FIG. 5. 

[0056] These dither coefficients patterns rarely gen- 
erate noises when the coefficients are added to an input 
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video signal because almost no pseudo edges are gen- 
erated on pictures. 

[0057] There are other preferable dither coefficients 
patterns besides those shown in FIG. 5, such as, (-1 , 0, 
5 1 and 0) which includes zero, (5, 3, -2 and -6) and (6, 
-2, -3 and -1 ) each of which does not include the same 
absolute value. Each matrix may not include the same 
number of positive and negative coefficients such as 
those shown in FIG. 5. Furthermore, each matrix may 
consist of (n x m) dots (n * m) other than (n x n) dots, 
such as those in FIG. 5 where n=2, where "n" and ' m" 
are positive integers larger than zero. 
[0058] For (2 x 2) dot matrices, for example, the best 
dither coefficients patterns are those shown in FIG. 5 for 
achieving continuous gradation characteristics with ex- 
tremely less generation of pseudo edges on pictures on 
the border between adjacent matrices, where the sum 
total of the coefficients is zero, the number of positive 
and negative coefficients is the same, and the absolute 
value for the opposing dots in the diagonal direction is 
the same, for example, 

I -2 I = I 2 I = 2 and I -1 I = I 1 I = 1 in the dither 
coefficients pattern (1) shown in (A) of FIG. 5. 
[0059] Illustrated in (A) and (B) of FIG. 7 is video sig- 
nal processing executed by the video signal processor 
1 00 (FIG. 3) using the dither coefficients patterns (1 ) and 
(2), respectively, shown in (A) of FIG. 5, where video 
signal components with the same data (9, 7, 3 and 5) 
are input for two successive fields. 
[0060] In detail, the dither coefficients patterns (-2, 1 , 
-1 and 2) and (2, -1 , 1 and -2) shown in FIG. 7 are gen- 
erated by the dither matrix coefficients generator 1 1 . 
[0061] The dither coefficients pattern (-2, 1 , -1 and 2 ) 
shown in (A) of FIG. 7 is selected by the selector 12 ac- 
cording to the selection data. The selected pattern is 
added to dot data (9, 1 7, 3 and 5) of an input 8-bit video 
signal by the adder 13 to obtain data (7, 18, 2 and 7). 
[0062] The data (7, 1 8, 2 and 7) might exceed the 8-bit 
data (9, 17, 3 and 5). The values of the (7, 18, 2 and 7) 
which overflow or underflow the values (9, 17, 3 and 5 ) 
are limited by the limiter 14. The values of lower two bits 
may also be dropped by the limiter 14 for a 6-bit PDP to 
obtain a 6-bit output video signal of data (4, 16, 0 and 
4). Each data is expressed with a multiple number of 
four. The actual data for the 6-bit output video signal are 
(1, 4,0 and 1). 

[0063] The dither coefficients pattern (2, -1 , 1 and -2 ) 
shown in (B) of FIG. 7 is then selected by the selector 
1 2. The dither coefficients of the selected pattern is add- 
ed to dot data (9, 17, 3 and 5) of the input 8-bit video 
signal by the adder 1 3 to obtain data (11,16,4 and 3). 
[0064] The data (11, 16, 4 and 3) also might exceed 
the 8-bit data (9, 17, Sand 5). The values of the (11, 16, 
4 and 3) which overflow or underflow the values (9, 17, 

3 and 5) are limited by the limiter 1 4. The values of lower 
two bits may also be dropped by the limiter 14 for a 6-bit 
PDP to obtain a 6-bit output video signal of data (8, 1 6, 

4 and 0). Each data is also expressed with a multiple 
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number of four. The actual data for the 6-bit output video 
signal are (2, 4, 1 and 0). 

[0065] The dither coefficients patterns (1) and (2) 
shown in FIG. 7 are switched by the selector 1 2 for each 
field according to the field data (selection data) supplied 
thereto. 

[0066] Video signal processing using the dither coef- 
ficients patterns (1) to (4) shown in (B) of FIG. 5 are ba- 
sically the same as those discussed above with refer- 
ence to FIG. 7. The dither coefficients patterns (1 ) to (4) 
can be switched cyclically for each field to achieve multi- 
gradation spatially continuous than those achieved by 
the dither coefficients patterns shown in (A) of FIG. 5. 
[0067] The first embodiment employs the dither coef- 
ficients patterns, such as those shown in FIG. 5 where 
the sum total of the coefficients is zero. Addition of such 
dither coefficients patterns to an input video signal will 
not increase gradations of color for an output video sig- 
nal in the direction of time. This is evident from compar- 
ison between the output data, for example, those shown 
in FIGS. 2 and 7. The output data (7, 1 8, 2 and 7) of FIG. 
7 according to the present invention does not increase 
its values compared to that (9, 18, 5 and 8) of FIG. 2 
(related art) from input video signals of the same values 
as shown in FIGS. 2 and 7. 

[0068] The present invention therefore achieves 
smooth and continuous color gradation characteristics 
with less visual luminance difference between adjacent 
gradation of color. The present invention thus provides 
high quality pictures with extremely less pseudo edges 
which would otherwise be generated due to sub-field di- 
vision. 

[0069] The dither coefficients patterns (1) and (2) 
shown in FIG. 7 are switched for each field in response 
the field data supplied to the selector 12 (FIG. 4) as the 
selection data. The patterns may however be switched 
for each frame or for each pixel block. Furthermore, the 
dither coefficients patterns may be switched according 
to the location on the display panel 301 (FIG. 6) of the 
PDP 300 in response the positional data supplied to the 
selector 12. 

[0070] Illustrated in FIG. 8 is switching of (n x n) dot 
matrix dither coefficients patterns where * n m is an odd 
number. 

[0071] FIG. 8 shows dither coefficients patterns of (3 
x 3) dot matrix (n = 3). Like those shown in FIG. 5, the 
dither coefficients of a selected pattern are added to a 
video signal for dot data that are supplied to the dots 
302 on the display panel 301 . 

[0072] For example, the dither coefficients (a, b, c, a, 
b, c, ...) is added to the video signal for the dot data on 
the first line (FIG. 6) from the leftmost dot; the dither co- 
efficients (d, e, f, d, e, f, ...) is added to the video signal 
for the dot data on the second line from the leftmost dot; 
and the dither coefficients (g, h, i, g, h, i, ...) is added to 
the video signal for the dot data on the third line from 
the leftmost dot. These processing are repeated. 
[0073] Illustrated in FIG. 8 are eight types of dither co- 



efficients patterns although only two patterns are actu- 
ally shown for brevity where the dither coefficient is zero 
for the dot " e' of the (3 x 3) dot matrix. The dither coef- 
ficients of the pattern (1 ) are (2, -3, 4 and -4) and (-1,1, 
5 -2 and 3) for the dots (a, b, c and d) and (f, g, h and i), 
respectively. 

[0074] The dither coefficients for the dots (a, b, c and 
d) and (f , g, h and i) are shifted in the clockwise direction 
from (1 ) to (8) to have eight types of dither coefficients 

10 patterns. The eight patterns can also be cyclically 
switched for each field, frame or pixel block. 
[0075] Each dither coefficients pattern consists of an 
odd number of dither coefficients, and the same number 
of positive and negative dither coefficients except the 

is center coefficient that is zero. The sum total of the pos- 
itive and negative dither coefficients is zero. 
[0076] For the same reason as discussed with respect 
to FIG. 2 and 7, addition of these dither coefficients gen- 
erates less noises to provide high quality pictures with 

20 less pseudo edges which would otherwise be generated 
due to a big luminance difference as already discussed. 
[0077] Dither coefficients patterns of an odd number 
of coefficients may include zero for any of the dots (a, 
b, c and d) and (f , g, h and i) other than those shown in 

2S FIG. 8. The number of positive and negative dither co- 
efficients may not be the same for each pattern. The ma- 
trix for each pattern may be of (n x m) dots where n * 
m, other than (n x n) dots. 

[0078] Any of the dither coefficients patterns dis- 
30 closed above can be selected for displaying pictures on 
the PDP 300 (FIG. 3) with smooth and continuous gra- 
dation characteristics while less noises between adja- 
cent matries. 

[0079] Shown in FIG. 9 is a block diagram of the sec- 

3S ond embodiment of a video processor according to the 
present invention, which can be employed as the video 
processor 100 shown in FIG. 3. 
[0080] A dither patterns generator 21 generates a plu- 
rality of (n x n) dot matrix dither patterns. Illustrated here 

40 are an " m* number of dither patterns, ■ m B being an in- 
teger of two or more. The generator 21 may include 
ROM for storing the dither patterns. Or, such dither pat- 
terns can be programmed as software. 
[0081] The difference between the first and second 

45 embodiments is that the dither patterns generator 21 
does not generate the dither coefficients themselves but 
generates information on their locations. In other words, 
the generator 21 generates patterns that indicate loca- 
tions of dither coefficients on pixels for each matrix of 

so the dots 302 on the display panel 301 (FIG. 6). The dith- 
er coefficients themselves are not decided yet when the 
generator 21 generates the patterns indicating locations 
of dither coefficients. 

[0082] One of the dither patterns is selected by a se- 
ss lector 22 and supplied to a dither coefficients generator 
25. The pattern selection is performed according to se- 
lection data supplied to the selector 22. The selection 
data is time data or positional data on the display panel 
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301 . The time data is, for example, field data, that indi- 
cates the timing of selecting the patterns for each field, 
a predetermined unit of picture, carried by the video sig- 
nal. The positional data is, for example, scanning line 
data or pixel data, both indicating the locations of the 
pixels on the display panel These data are generated 
from horizontal and vertical synchronizing signals. 
[0083] Also supplied to the dither coefficients gener- 
ator 25 is an input digital video signal which may be a 
digital signal. The generator 25 detects gradations of 
color of the input video signal and divides the gradations 
into one or more gradation groups when the gradations 
of the video signal are equal to or lower than a reference 
level. The generator 25 then decides and generates 
dither coefficients for each gradation group of the input 
video signal in response to the selected dither pattern. 
The dither coefficients are set zero for the gradations of 
the video signal higher than the reference level. 
[0084] The generated dither coefficients are supplied 
to an adder 23 and added to the input video signal, and 
the resultant signal is supplied to a limiter 24. The limiter 
24 limits the values of the output signal of the adder 23 
that underflow the values of bits of the input video signal, 
to generate an output video signal. Lower bits of the out- 
put signal of the adder 23 may also be limited according 
to the gradatbn performance of the PDP 300 (FIG. 3). 
[0085] Illustrated in FIG. 10 are (2 x 2) dot matrix dith- 
er patterns generated by the dither patterns generator 
21 , that indicate locations on the display panel 301 (FIG. 
6) where the dither coefficients generated by the dither 
coefficients generator 25 are added to the dot data. 
[0086] The dither pattern (a, b, a, b, ... ) of the pattern 

(1) shown in (A) of FIG. 10 indicates the locations on 
each dot data on each odd line on the display panel 301 
where the dither coefficients are added to the dot data 
from the leftmost dot 302. The dither pattern (c, d, c, 
d, ...) of the pattern (1 ) shown in (A) of FIG. 10 is, on the 
other hand, indicates the location on each even line on 
the display panel 301 where the dither coefficients are 
added to the dot data from the leftmost dot 302. The dot 
data are supplied to the dots 302 of the display panel 
301. 

[0087] The dither pattern (d, c, d, c, ...) of the pattern 

(2) shown in (A) of FIG. 10 also indicates the locations 
on each odd line on the display panel 301 where the 
dither coefficients are added to the dot data from the 
leftmost dot 302. The dither pattern (b, a, b, a, ...) of the 
pattern (2) shown (A) of FIG. 1 0 also indicates the loca- 
tions on each even line on the display panel 301 where 
the dither coefficients are added to the dot data from the 
leftmost dot 302. The dot data are supplied to the dots 
302 of the display panel 301 . 

[0088] The dither patterns (1 ) and (2) shown in (A) of 
FIG. 1 0 are switched, for example, for each field accord- 
ing to selection data supplied to the selector 22 (FIG. 9). 
[0089] Illustrated in (B) of FIG. 10 are four types of 
dither patterns of (a, b, c, and d), (d, a, c and b), (c, d, 
b and a) and (b, c, a and d), respect rvely, indicating lo- 



cations on the display panel 301 (FIG. 6) where the dith- 
er coefficients generated by the dither coefficients gen- 
erator 25 are added to the dot data. The four patterns 
can be switched cyclically for each field according to the 
5 selection data. FIG. 6 shows the dither pattern (1 ) shown 
in (A) of FIG. 10 used for the dots 302. 
[0090] Illustrated in FIGS. 11 are dither coefficients 
generated by the dither coefficients generator 25 for 
each gradation group of the input video signal, using the 
dither patterns (1) and (2) shown in (A) of FIGS. 10. 
[0091] Dither coefficients are decided for the grada- 
tions at the level 63 and under for a 256-gradation input 
video signal in FIGS. 11 . Shown here are dither coeffi- 
cients at the gradation levels 0 to 1 5, 1 6 to 31 , 32 to 47, 
and 48 to 63, respectively. 

[0092] In (A) of FIG. 11, the dither coefficients (5, 3, 
-3 and -5 ) and (-5, -3, 3 and 5) are set for the dither 
patterns (a, b, c and d) and (d, c, b and a), respectively, 
at the gradation levels 0 to 15. 
[0093] In (B) of FIG. 11, the dither coefficients (4, 2, 
-2 and -4) and (-4, -2, 2 and 4) are set for the dither 
patterns (a, b, c and d) and (d, c, b and a), respectively, 
for the gradation levels 16 to 31 . 
[0094] In (C) of FIG. 11, the dither coefficients (3, 1, 
-1 and -3) and (-3, -1 , 1 and 3) are set for the dither 
patterns (a, b, c and d) and (d, c, b and a), respectively, 
for the gradation levels 32 to 47. 
[0095] In (D) of FIG. 11, the dither coefficients (2, 1, 
-1 and -2) and (-2, -1 , 1 and 2) are set for the dither 
patterns (a, b, c and d) and (d, c, b and a), respectively, 
for the gradation levels 48 to 63. 
[0096] The dither coefficients shown in FIG. 11 also 
consist of both positive and negative coefficients, the 
sum total thereof being zero. 

[0097] In the second embodiment, the dither coeffi- 
cients are added only to the low gradation portions of 
an input video signal where there is a big visual lumi- 
nance difference between adjacent color gradations, 
thus achieving continuous color gradation which would 
otherwise be degraded due to reverse-gamma correc- 
tion processing. 

[0098] The lower the gradation levels on the low gra- 
dation portibns, the more the color gradation is degrad- 
ed for the PDP 300 (FIG. 3) that provides color grada- 
tions with sub-field division. The second embodiment 
thus varies weighting for dither coefficients for each gra- 
dation level. In detail, the weighting, that is, the absolute 
values of dither coefficients are made larger as the gra- 
dation levels become tow. 

[0099] Illustrated in FIG. 1 2 is decision of dither coef- 
ficients for (2 x 2) dither coefficients patterns that will be 
added to an input video signal using the dither pattern 
(1) shown in (A) of FIG. 10. 

[0100] Suppose that, in FIG. 12, the color gradations 
of the input video signal are detected by the dither co- 
efficients generator 25 (FIG. 9) as levels 12, 18, 33 and 
57 for the dot 302 (FIG. 6) on the first line and the first 
column, the first line and the second column, the second 
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line and the first column, and the second line and the 
second column, respectively, on the display panel 301 . 
[0101] The dither coefficients generator 25 selects 
dither coefficients at the detected gradation levels as fol- 
lows: 

[0102] The dither coefficients (5, 3, -3 and -5) shown 
in (A) of FIG. 11 are first selected for the dot 302 on the 
first line and the first column at the gradation level 12. 
Among them, the dither coefficient 5 is selected for the 
location 1 a' . 

[0103] The dither coefficients (4, 2, -2 and -4) shown 
in (B) of FIG. 11 are selected for the dot 302 on the first 
line and the second column at the gradation level 18. 
The dither coefficient 2 is then selected for the location 
m b\ 

[0104] The dither coefficients (3, 1, -1 and -3) shown 
in (C) of FIG. 1 1 are then selected for the dot 302 on the 
second line and the first column at the gradation level 
33. The dither coefficient -1 is selected for the location 
■cV 

[0105] The dither coefficients (2, 1, -1 and -2) shown 
in (D) of FIG. 11 are finally selected for the dot 302 on 
the second line and the second column at the gradation 
level 57. The dither coefficient -2 is selected for the lo- 
cation " d" . 

[0106] As explained, the dither coefficients (5, 2, -1 
and -2) are output by the dither coefficients generator 
25. 

[0107] Illustrated in FIG. 13 is also decision of dither 
coefficients performed by the dither coefficients gener- 
ator 25 for (2 x 2) dither coefficients patterns that will be 
added to an input video signal using the dither pattern 
(2) shown in (A) of FIG. 10. 

[0108] The color gradations of the input video signal 
are detected as levels 12, 18, 33 and 57 as disclosed 
above. 

[0109] The dither coefficients (-5, -3, 3 and 5) shown 
in (A) of FIG. 11 are first selected for the dot 302 on the 
first line and the first column at the gradation level 12. 
Among them, the dither coefficient -5 is selected for the 
location " d" . 

[0110] The dither coefficients (-4, -2, 2 and 4) shown 
in (B) of FIG. 11 are also selected for the dot 302 on the 
first line and the second column at the gradation level 
18. The dither coefficient -2 is then selected for the lo- 
cation 1 c\ 

[0111] The dither coefficients (-3, -1 , 1 and 3) shown 
in (C) of FIG. 11 are then selected for the dot 302 on the 
second line and the first column at the gradation level 
33. The dither coefficient 1 is selected for the location " 
b". 

[0112] The dither coefficients (-2, -1 , 1 and 2) shown 
in (D) of FIG. 11 are finally selected for the dot 302 on 
the second line and the second column at the gradation 
level 57. The dither coefficient 2 is selected for the lo- 
cation " a". 

[0113] As explained, the dither coefficients (-5, -2, 1 
and 2) are output by the dither coefficients generator 25. 



[011 4] Decision of dither coefficients for (2 x 2) dither 
coefficients patterns that will be added to an input video 
signal using the dither patterns (1 ) to (4) shown in (B) of 
FIG. 10 are also the same as those explained with ref- 
5 erence to FIGS. 12 and 1 3. The dither coefficients de- 
cided by using the dither patterns (1 ) to (4) shown in (B) 
of FIG. 10 are (5, 2, -1 and -2), (-3, 4, -3 and 1), (-5, -2, 
1 and 2) and (3, -4, 3 and -1), respectively. 
[011 5] As discussed, the dither coefficients generator 

10 25 detects color gradations of input video signal on each 
of dot data that constitute a dot matrix on the display 
panel 301 (FIG. 6) before decision of dither coefficients. 
A detector for detecting such gradations may however 
be provided separately from the generator 25. 

15 [0116] Illustrated in (A) of FIG. 14 are the dither coef- 
ficients patterns (1 ) and (2) decided as above using the 
dither patterns (1) and (2), respectively, shown in (A) of 
FIG. 1 0, which will be added to the input video signal by 
the adder 23 (FIG. 9). The dither coefficients patterns 

20 are switched for each filed before added to the video 
signal because the dither patterns (1) and (2) shown in 
(A) of FIG. 10 are switched for each field according to 
selection data supplied to the selector 22. 
[0117] Illustrated in (B)of FIGS. 1 4 are also the dither 

2S coefficients patterns (1 ) to (4) decided as above using 
the dither patterns (1) to (4), respectively, shown in (B) 
of FIGS. 10, which will be added to the input video signal 
by the adder 23 (FIG. 9). The dither coefficients patterns 
can be switched cyclically for each filed before added to 

30 the video signal when the dither patterns ( 1 ) to (4) shown 
in (B) of FIG. 10 are switched for each field according 
to selection data supplied to the selector 22. 
[0118] As understood from FIG. 14, integration of the 
dither coefficients in the direction of time will be zero for 

3S each dot 302 (FIG. 6). This is because integration in the 
direction of time is done by addition of the dither coeffi- 
cients for each dot constituted by the positive and neg- 
ative coefficients, the sum total thereof being zero. 
[01 1 9] These dither coefficients patterns therefore do 

40 not increase the overall gradation when added to an in- 
put video signal. High-quality pictures thus can be dis- 
played with extremely less noises such as pseudo edg- 
es. i 

[0120] Dither coefficients patterns other than those 
45 shown in FIG. 1 4 can be generated by, for example, us- 
ing the dither pattern (1) shown in (A) or (B) of FIG. 10 
to decide dither coefficients for each dither matrix as dis- 
closed with reference to FIG. 1 2, and shift the dither co- 
efficients in each matrix. 
so [0121] Generation of other dither coefficients patterns 
are illustrated in FIGS. 15. 

[0122] As discussed above, the dither coefficients 
pattern is decided as (5, 2, -1 and -2) as shown in (A) of 
FIG. 15 when the dither pattern (1 ) shown in (A) of FIG. 
55 10 is used. A new dither coefficients pattern (-2, -1, 2 
and 5) shown in (A) of FIG. 15 is then generated by re- 
placing the opposing coefficients with each other in the 
pattern (5, 2, -1 and -2). For example, the coefficients 1 
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5" and " -2" , and 1 -1" and ■ 2" are replaced with each 
other. 

[0123J The dither coefficients patterns (1) and (2) 
shown in (A) of FIG. 15 can be switched for each field. 
[0124] Furthermore, as discussed above, the dither 
coefficients pattern is also decided as (5, 2, -1 and-2) 
as shown in (B) of FIG. 15 when the dither pattern (1) 
shown in (B) of FIG. 10 is used. New dither coefficients 
patterns (-1 , 5, -2 and 2), (-2, -1 , 2 and 5) and (2,-2, 5 
and -1 ) shown in (B) of FIG. 1 5 are generated by shifting 
the dither coefficients (5, 2, -1 and -2) in the clockwise 
direction. 

[0125] The dither coefficients patterns (1) to (4) 
shown in (B) of FIG. 15 can be switched cyclically for 
each field. 

[0126] Other dither coefficients patterns can be gen- 
erated by, for example, using the dither pattern (2) 
shown in (A) or (B) of FIG. 10, or either of patterns (3) 
and (4) shown in (B) of FIGS. 10 to decide dither coef- 
ficients for each dither matrix as disclosed with refer- 
ence to FIG. 1 3, and shift the dither coefficients in each 
matrix. 

[0127] Illustrated in (A) of FIG. 16 is the processing 
executed by the video signal processor shown in FIG. 
9 using the dither coefficients pattern (1) shown in (A) 
of FIG. 1 4, where two video signal components with the 
same data (9, 1 7, 3 and 5) are input for two successive 
fields. 

[0128] The dither coefficients pattern (1 ) shown in (A) 
of FIG. 16 is added by the adder 23 (FIG. 9) to an 8-bit 
input video signal of dot data (9, 1 7, 3 and 5) to generate 
data (14, 19, 2 and 3). 

[0129] The values of the data (1 4, 1 9, 2 and 3) which 
underflow the input 8-bit data are limited by the limiter 
24 because some values smaller than zero of the gen- 
erated data might exceed the input 8-bit data. 
[0130] Lower 2-bit data of (14, 19, 2 and 3) may be 
dropped by the limiter 24 for a 6-bit PDP to generate 
6-bit signal (12, 16, 0 and 0). Each of the 6-bit signal 
data is expressed with a multiple of four. The actual data 
for the 6-bit signal are (3, 4, 0 and 0). 
[0131] Illustrated in (B) of FIG. 16 is the processing 
also executed by the video signal processor shown iri 
FIG. 9 using the dither coefficients pattern (2) shown in 
(B) of FIG. 14. 

[01 32] The dither coefficients pattern (2) shown in (B) 
of FIG. 16 is added by the adder 23 to the 8-bit input 
video signal of dot data (9, 1 7, 3 and 5) to generate data 
(14, 15, 4 and 7). 

[0133] The values of the data (14, 15, 4 and 7) which 
underflow the input 8-bit data are limited by the limiter 
24 because some values smaller than zero of the gen- 
erated data might exceed the input 8-bit data. 
[0134] Lower 2-bit data of (1 4, 1 5, 4 and 7) may be 
dropped by the limiter 24 for a 6-bit PDP to generate 
6-bit signal (4, 1 2, 4 and 4). Each of the 6-bit signal data 
is expressed with a multiple of four. The actual data for 
the 6-bit signal are (1, 4, 1 and 1). 



[01 35] The output video signals shown in (A) and (B) 
of FIG. 16 are switched, for example, for each field ac- 
cording to the selection data supplied to the selector 22. 
[01 36] The same proceeding is executed for the dither 

5 coefficients patterns (1) to (4) shown in (B) of FIG. 14 
except that the fou r types of dither patterns are switched 
cyclically for each field to provide a multi-gradation video 
signal spatially continuous than those obtained when 
the dither coefficients pattern (1) or (2) shown in (A) of 

10 FIG. 14 is used. The same processing is also executed 
for the dither coefficients patterns shown in FIG. 15. 
[01 37] As discussed above, according to the second 
embodiment, color gradations of an input video signal 
are divided into a plurality of gradation groups and dither 

is coefficients patterns appropriate to the gradation groups 
are added to the video signal, thus achieving an effec- 
tive adjustment to all the gradations. 
[0138] Furthermore, as shown in FIG. 11, the dither 
coefficients patterns are added to the input video signal 

20 for the low-luminance level regions (gradation levels 63 
or under) where gradations would otherwise be degrad- 
ed due to reverse-gamma correction, thus achieving ex- 
tremely less increase in the overall gradation of the out- 
put video signal, and providing pictures with almost the 

25 same gradation as those of the input video signal. The 
gradation adjustment is more effective by making larger 
the weightings (absolute values) for the dither coeffi- 
cients as the gradations become smaller, as shown in 
FIG. 11. 

30 [0139] Among the dither coefficients patterns, those 
shown in FIGS. 1 4 are the best patterns in the second 
embodiment. This is because each of these patterns 
consists of the positive and negative dither coefficients 
for each dot 302 (FIG. 6) in the direction of time, the sum 

35 total of which is zero, thus addition of these patterns to 
an input video signal will not promote increase in the 
overall color gradation. 

[0140] The processing illustrated in FIGS. 1 2 and 1 3 
are for the dots 302 where there are big differences in 

40 level of adjacent gradations, such as, the levels 12,18, 
33 and 57. However, for dots where there are not so big 
differences in level of adjacent gradatbns and which are 
in the gradation groups shown in FIG. 11 , the dither co- 
efficients patterns decided as shown in FIGS. 1 2 and 1 3 

45 become the same as those shown in FIGS. 11 . 

[0141] The dither coefficients patterns shown in FIG. 
1 1 are set so that the sum total of the coefficients in each 
pattern is zero, thus the sum total of the dither coeffi- 
cients which are actually added to a video signal is also 

50 zero. Extremely less noises thus will be generated for 
pictures when the dither coefficients shown in FIGS. 1 1 
are added to a video signal where color gradations for 
the dots 302 are in the gradation groups shown in FIGS. 
11. 

55 [0142] Not only for each field, the dither coefficients 
patterns of the second embodiment can be switched for 
each frame or each pixel block. Furthermore, the dither 
patterns may be switched as time elapses or according 



9 



17 



EP 0 994 457 A2 



18 



to the locations on the display panel 301 (FIG. 6). 
[0143] The dither patterns disclosed in the second 
embodiment consist of the positive and negative coeffi- 
cients for adjusting color gradations so that the number 
of gradation levels of an output video signal is the same 
as that of gradations of an input video signal. On the 
other hand, addition of the dither coefficients is executed 
only for achieving continuous gradation linearity. 
[0144] The final dither coefficients patterns can be de- 
cided for display apparatus with low display perform- 
ance, thus achieving continuous gradation linearity with 
apparent increase in the number of gradation levels. 
[0145] Furthermore, not only to video signal compo- 
nents of gradation levels lower than a reference level, 
such as level 63 or under as shown in FIG. 1 1 , the dither 
coefficients can be added to other video signal compo- 
nents of intermediate or high gradation levels or all the 
gradation levels, depending on qualities of pictures to 
be displayed. For covering any gradation levels, setting 
the weighting (absolute values) larger for the dither co- 
efficients as gradation levels become lower is the best. 
However, not only this, weighting can be varied and dith- 
er coefficients patterns can be optimized depending on 
the gradation characteristics of a matrix display appara- 
tus. 

[0146] Next, shown in FIG. 17 is a block diagram of 
the third embodiment of a video processor according to 
the present invention, which can be employed as the 
video processor 100 shown in FIG. 3. 
[0147] Features of the third embodiment are not ad- 
dition of predetermined (n x n) matrix dither coefficients 
patterns to a video signal but generation of dither coef- 
ficients patterns each being the best for the locations of 
a video signal on the display panel 301 (FIG. 6) with re- 
spect to each section (matrix) of dots 302 and the color 
gradations of each dot 302, the matrix of the dither pat- 
tern and that of the dots 302 are the same size. 
[0148] In FIG. 17, a digital video signal is supplied to 
a gradation detector 31. The detector 31 detects color 
gradation of dot data which will be supplied to each dot 
302 on the display panel 301 . 
[0149] The detected dot-data gradation is supplied to 
a dither coefficients generator 32. The generator 32 di- 
vides the digital video signal components that are equal 
to or lower than a reference gradation level into one or 
more gradation groups, and generates a dither coeffi- 
cients pattern for each gradation group. The dither co- 
efficients are set zero for the gradations of the video sig- 
nal higher than the reference gradation level. 
[01 50] The dither coefficients pattern for each grada- 
tion group is supplied to a dither coefficients selector 33. 
The selector 33 selects one dither coefficient among the 
dither coefficients in the gradation group for each dot 
302 (FIG. 6) and that corresponds to the location of the 
dot 302. The dither coefficients selected for a plurality 
of dots 302 are combined by the selector 33 into a dither 
coefficients pattern. 

[0151] The dither coefficients pattern is then supplied 



to a dither coefficients adjuster 34. The adjuster 34 ad- 
justs the coefficients that constitute the dither coeffi- 
cients pattern so that the sum total of the coefficients is 
zero. 

5 [01 52] The adjusted dither coefficients pattern is sup- 
plied to an adder 35 and added to the input video signal 
which is also supplied to the adder 35. The resultant sig- 
nal is supplied to a limiter 36. 

[0153] The limiter 36 limits the values of the output 
J0 signal of the adder 35 that underflow or overflow the val- 
ues of bits of the input video signal, to generate an out- 
put video signal. Lower bits of the output signal of the 
adder 35 may also be limited according to the gradation 
performance of the PDP 300 (FIG. 3). 
15 [0154] lllustratedin FIG. 18 are dither coefficients pat- 
terns generated by the dither coefficients generator 32 
(FIG. 17). 

[01 55] Dither coefficients are generated at the grada- 
tions level 63 and under for a 256-gradation input video 
20 signal in FIG. 18. Shown in FIG. 18 are dither coeffi- 
cients for the gradation levels 0 to 15, 16 to 31, 32 to 
47, and 48 to 63, respectively. 

[0156] In (A) of FIG. 18, the dither coefficients (5, 3, 
-3 and -5) are generated for the pattern (a, b, c and d) 

25 at the gradation levels 0 to 1 5. 

[0157] In (B) of FIG. 18, the dither coefficients (4, 2, 
-2 and -4) are generated for the pattern (a, b, c and d) 
at the gradation levels 16 to 31. 
[0158] In (C) of FIG. 18, the dither coefficients (3, 1, 

30 -1 and -3) are generated for the pattern (a, b, c and d) 
at the gradation levels 32 to 47. 
[0159] In (D) of FIG. 18, the dither coefficients (2, 1, 
-1 and -2) are generated for the pattern (a, b, c and d) 
at the gradation levels 48 to 63. 

35 [0160] Each (2 x 2) matrix dither coefficients pattern 
corresponds to dot data supplied to each dot 302 (FIG. 
6) on the display panel 301. In detail, the dither coeffi- 
cients (a, b, a, b, ...) and (c, d, c, d, ...) correspond to the 
dot data on an odd and even line, respectively, on the 

40 display panel 301 beginning from the leftmost dot. 
[0161] Illustrated in FIG. 1 9 are switching of two dither 
coefficients patterns at respective gradation levels 
(groups) in the third embodiment. * 
[0162] The pattern switching is performed according 

45 to switching data supplied to the dither coefficients gen- 
erator 32 (FIG. 17). The switching data is time data or 
positional data on the display panel 301 (FIG. 6). The 
time data is, for example, field data, that indicates the 
timing of switching patterns for each filed, a predeter- 

50 mined unit of picture, carried by the video signal. The 
positional data is, for example, scanning line data or pix- 
el data, both indicating the locations of the pixels on the 
display panel. These data are generated from horizontal 
and vertical synchronizing signals. The switching data 

55 is also supplied to the dither coefficients selector 33 and 
the dither coefficients adjuster 34, which will be de- 
scribed later. 

[0163] In (A) of FIG. 19, the dither coefficients (a, b, c 
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and d) are set (5, 3, -3 and -5) and also (-5, -3, 3 and 5) 
at the gradation levels 0 to 15, and the two dither coef- 
ficients patterns are switched for each field. 
[0164] In (B) of FIG. 1 9, the dither coefficients (a, b, c 
and d) are set (4, 2, -2 and -4) and also (-4, -2, 2 and 4) 
at the gradation levels 16 to 31 , and the two dither co- 
efficients patterns are switched for each field. 
[0165] In (C) of FIG. 19, the dither coefficients (a, b, 
c and d) are set (3, 1 , -1 and -3) and also (-3, -1 , 1 and 
3) at the gradation levels 32 to 47, and the two dither 
coefficients patterns are switched for each field. 
[0166] In (D) of FIG. 19, the dither coefficients (a, b, 
c and d) are set (2, 1 , -1 and -2) and also (-2, -1 , 1 and 
2) at the gradation levels 48 to 63, and the two dither 
coefficients patterns are switched for each field. 
[0167] Illustrated in FIG. 20 are switching of four dith- 
er coefficients patterns at respective gradation levels 
(groups) by the dither coefficients generator 32 accord- 
ing to the switching data. 

[0168] In (A) of FIG. 20, the dither coefficients (a, b, c 
and d) are set (5, 3, -3 and -5), (-3, 5, -5 and 3), (-5, -3, 
3 and 5) and (3, -5, 5 and -3) at the gradation levels 0 
to 15, and the four dither coefficients patterns are 
switched cyclically for each field. 
[0169] In (B) of FIG. 20, the dither coefficients (a, b, c 
and d) are set (4, 2, -2 and -4), (-2, 4, -4 and 2), (-4, -2, 
2 and 4) and (2, -4, 4 and -2) at the gradation levels 16 
to 31, and the four dither coefficients patterns are 
switched cyclically for each field. 
[0170] In (C) of FIG. 20, the dither coefficients (a, b, 
c and d) are set (3, 1 , -1 and -3), (-1 , 3, -3 and 1 ), (-3, - 
1, 1 and 3) and (1, -3, 3 and -1)at the gradation levels 
32 to 47, and the four dither coefficients patterns are 
switched cyclically for each field. 
[0171] In (D) of FIG. 20, the dither coefficients (a, b, 
c and d) are set (2, 1 , -1 and -2), (-1 , 2, -2 and 1), (-2, - 
1 , 1 and 2) and (1, -2, 2 and -1)at the gradation levels 
48 to 63, and the four dither coefficients patterns are 
switched cyclically for each field. 
[0172] Each dither coefficients pattern shown in FIG. 
20 consists of the same number of positive and negative 
coefficients, the sum total of which is zero. 
[0173] These dither patterns rarely generate noises 
when the coefficients are added to a video signal be- 
cause almost no pseudo edges are generated on pic- 
tures. 

[0174] There are other preferable dither patterns be- 
sides those shown in FIG. 20, such as, (-1, 0, 1 and 0) 
which includes zero, (5, 3, -2 and -6) and (6, -2, -3 and 
-1) each of which does not include the same absolute 
value. Each matrix may not include the same number of 
positive and negative coefficients such as those shown 
in FIG. 20. Furthermore, each matrix may consist of n x 
m dots (n * m) other than n x n dots, such as those 
shown in FIG. 20 where n = 2. 
[0175] For 2 x 2 dot matrices, for example, the best 
dither coefficients patterns are those shown in FIG. 20, 
for achieving continuous color gradation characteristics 



and extremely less generation of pseudo edges on pic- 
tures on the border between adjacent matrices, where 
the sum total of the coefficients is zero, the number of 
positive and negative coefficients is the same, and the 
s absolute value for the opposing dots in the diagonal di- 
rection is the same, for example, 

1 5 1 = I -5 I =5 and I -3 I = 1 3 1 = 3, as shown in (A) 
of FIG. 20. 

[01 76] In the third embodiment, the dither coefficients 
70 are added only to the low gradation portions of an input 
video signal where there is a big visual luminance dif- 
ference between adjacent color gradations, thus provid- 
ing continuous color gradation which would otherwise 
be degraded due to reverse-gamma correction process- 
es jng. 

[01 77] The lower the gradation levels on the low gra- 
dation portions, the more the color gradation is degrad- 
ed for the PDP 300 (FIG. 3) that provides color grada- 
tions with sub-field division. The third embodiment thus 
20 varies weighting for dither coefficients for each grada- 
tion level. In detail, the weighting, that is, the absolute 
values of dither coefficients are made larger as the gra- 
dation level bwers. 

[01 78] A dither coefficients pattern is generated by the 
2S dither coefficients generator 32 (FIG. 32) for each dot 
302 (FIG. 6) in consideration of the locations of a video 
signal on the display panel 301 with respect to each sec- 
tion (matrix) of dots 302 and the color gradations of each 
dot 302, without deciding dither coefficients yet. 
30 [01 79] The dither coefficients are selected by the dith- 
er coefficient selector 33 and the dither coefficients pat- 
terns to be added to the input video signal are adjusted 
by the dither coefficients adjuster 34, as shown in FIG. 
17. 

35 [0180] Illustrated in FIG. 21 is selection of dither co- 
efficients executed by the dither coefficients selector 33 
using the dither coefficients patterns (5, 3, -3 and -5), 
(4, 2, -2 and -4), (3, 1, -1 and -3) and (2, 1, -1 and -2) 
shown in (A), (B), (C) and (D), respectively, of FIG. 20. 

40 [0181] Furthermore, the dither coefficients selection 
shown in FIG. 21 is executed for the (2 x 2) dot matrices 
on the display panel 301 (FIG. 6) on the first line and the 
first column, the first line and the second column, the 
second line and the first column, and the second line 

45 and the second column, respectively. 

[0182] Suppose that, in FIG. 21, the color gradations 
of the input video signal are detected by the gradation 
detector 31 as levels 12, 18, 33 and 57 for the dot 302 
on the first line and the first column, the first line and the 

50 second column, the second line and the first column, 
and the second line and the second column, respective- 
ly, on the display panel 301. 

[01 83] The dither coefficients selection shown in FIG. 
21 is executed by the dither coefficients selector 33 as 
55 follows: 

[01 84] The dither coefficients (5, 3, -3 and -5) shown 
in (A) of FIG. 20 are first selected for the dot 302 on the 
first line and the first column at the gradation level 12. 
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Among them, the dither coefficient 5 is selected for the 
location ■ a" . 

[0185] The dither coefficients (4, 2, -2 and -4) shown 
in (B) of FIG. 20 are also selected for the dot 302 on the 
first line and the second column at the gradation level 
1 8. The dither coefficient 2 is then selected for the loca- 
tion " b" . 

[0186] The dither coefficients (3, 1, -1 and -3) of (C) 
of FIG. 20 are then selected for the dot 302 on the sec- 
ond line and the first column at the gradation level 33. 
The dither coefficient -1 is selected for the location " c" . 
[0187] The dither coefficients (2, 1 , -1 and -2) shown 
in (D) of FIG. 20 are finally selected for the dot 302 on 
the second line and the second column at the gradation 
level 57. The dither coefficient -2 is selected for the lo- 
cation ■ d" . 

[0188] As explained, the dither coefficients (5, 2, -1 
and -2) are selected by the dither coefficients selector 
33. 

[0189] Illustrated in FIG. 22 is selection of dither co- 
efficients executed by the dither coefficients selector 33 
using the dither coefficients patterns (-3, 5, -5 and 3), (- 
2, 4, -4 and 2), (-1, 3, -3 and 1) and (-1, 2, -2 and 1) 
shown in (A), (B), (C) and (D), respectively, of FIG. 20. 
[0190] Furthermore, the dither coefficients selection 
shown in FIG. 22 is executed for the (2 x 2) dot matrices 
on the display panel 301 (FIG. 6) on the first line and the 
first column, the first line and the second column, the 
second line and the first column, and the second line 
and the second column, respectively. 
[0191] Suppose that, in FIG. 22, the color gradations 
of the input video signal are also detected by the grada- 
tion detector 31 (FIG. 17) as levels 12, 18, 33 and 57 for 
the dot 302 on the first line and the first column, the first 
line and the second column, the second line and the first 
column, and the second line and the second column, 
respectively, on the display panel 301 . 
[0192] The dither coefficients (-3, 5, -5 and 3) shown 
in (A) of FIG. 20 are first selected for the dot 302 on the 
first line and the first column at the gradation level 12. 
Among them, the dither coefficient -3 is selected for the 
location * a' . 

1 [0193] The dither coefficients (-2, 4, -4 and 2) shown 
in (B) of FIG. 20 are also selected for the dot 302 on the 
first line and the second column at the gradation level 
18. The dither coefficient 4 is then selected for the loca- 
tion " b". 

[0194] The dither coefficients (-1 , 3, -3 and 1 ) shown 
in (C) of FIG. 20 are then selected for the dot 302 on the 
second line and the first column at the gradation level 
33. The dither coefficient -3 is selected for the location 
■c\ 

[0195] The dither coefficients (-1 , 2, -2 and 1) shown 
in (D) of FIG. 20 are finally selected for the dot 302 on 
the second line and the second column at the gradation 
level 57. The dither coefficient 1 is selected for the lo- 
cation ■ d" . 

[0196] As explained, the dither coefficients (-3, 4, -3 



and 1 ) are selected by the dither coefficients selector 33. 
[0197] Although not described here, the same 
processing is executed when the dither coefficients (-5, 
-3, 3 and 5), (-4, -2, 2 and 4), (-3, -1, 1 and 3) and (-2, 
5 -1,1 and 2) shown in (A), (B), (C) and (D), respectively, 
of FIG. 20 are selected. The dither coefficients (-5, -2, 
1 and 2) are selected by the dither coefficients selector 
33 the same as those described with reference to FIG. 
21. 

10 [0198] The same processing is also executed when 
the dither coefficients (3, -5, 5 and -3), (2, -4, 4 and -2), 
(1 , -3, 3 and -1 ) and (1 , -2, 2 and -1 ) shown in (A), (B), 

(C) and (D), respectively, of FIG. 20 are selected. The 
dither coefficients (3, -4, 3 and -1 ) are selected by the 
dither coefficients selector 33 the same as those de- 
scribed with reference to FIG. 21. 
[01 99] The same processing is also executed for the 
dither coefficients (1) and (2) shown in (A) of FIG. 19. 
The dither coefficients (5, 2, -1 and -2) are selected 
when the coefficients (1) shown in (A) of FIG. 19 are 
used. Furthermore, the dither coefficients (-5, -2, 1 and 
2) are selected when the coefficients (2) shown in (A) to 

(D) of FIG. 19 are used. 

[0200] Illustrated in (A) and (B) of FIG. 23 are adjust- 
ment of the dither coefficients selected as shown in 
FIGS. 21 and 22, respectively. The adjustment is exe- 
cuted by the dither coefficients adjuster 34 (FIG. 17) to 
generate dither coefficients which will be added to the 
input video signal for pictures of continuous gradation 
characteristics with less noises. 
[0201] The dither coefficients adjuster 34 adjusts the 
dither coefficients pattern output from the dither coeffi- 
cient selector 33 so that the sum total of the coefficients 
constituting the output dither pattern becomes zero. No 
processing is applied by the adjuster 34 to the coeffi- 
cients of the output dither pattern if the sum total thereof 
is zero. 

[0202] In (A) of FIG. 23, the dither coefficients pattern 
output from the dither coefficients selector 33 is (5, 2, - 
1 and -2) and the sum total is not zero but 4 because 
the sum of the positive coefficients is 7 and that of the 
negative coefficients is -3. 

[0203] The dither coefficients adjuster 34 then resets 
the sum 7 of the positive coefficients to 5, and the sum 
-3 of the negative coefficients to -5 and adjusts the dither 
coefficients (5, 2, -1 and -2) to (4, 1 , -2 and -3). 
[0204] In (B) of FIG. 23, the dither coefficients pattern 
output from the dither coefficients selector 33 is (-3, 4, 
-3 and 1 ) and the sum total is not zero but -1 because 
the sum of the positive coefficients is 5 and that of the 
negative coefficients is -6. 

[0205] The dither coefficients adjuster 34 then resets 
only the sum -6 of the negative coefficients to -5 and 
adjusts the dither coefficients (-3, 4, -3 and 1 ) to (-2, 3, 
-3 and 2). 

[0206] The adjustment is preferably made so that 
there is no big difference between the dither coefficients 
before and after the adjustment. 
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[0207] The adjusted dither coefficients shown in (A) 
and (B) of FIG. 23 consist of an even number of the co- 
efficients. Addition of the coefficients in each of two 
groups yields zero when the coefficients are divided into 
the two groups, both including the same number of the 
coefficients. 

[0208] In detail, the adjusted dither coefficients (4, 1 , 
-2 and -3) shown in (A) of FIG. 23 consists of four coef- 
ficients. The coefficients can be divided into two groups, 
such as, (4, 1 ) and (-2, -3); (4, -2) and (1,-3); and (4, -3) 
and (-2, 1). 

[0209] For the first two groups, 4 + 1 = 5, -2 + (-3) = 
-5, thus, 5 + (-5) = 0. The same calculations can be ap- 
plied to the other groups. 

[0210] The adjusted dither coefficients (-2, 3 t -3 and 
2) shown in (B) of FIG. 23 also consist of four coeffi- 
cients. The coefficients can be divided into two groups, 
such as, (-2, 3) and (-3, 2); (-2, -3) and (3, 2); and (-2, 
2) and (-3, 3). 

[021 1] The calculations described above can also be 
applied to these groups. Furthermore, the adjustment 
shown in (B) is preferable than (A) of FIG. 23. This is 
because the addition of the coefficients in the groups (- 
2, 2) and (-3, 3) made in the diagonal direction of the 
matrix yields zero in each group. 
[0212] When the dither coefficients (-5, -3, 3 and 5), 
(-4, -2, 2 and 4), (-3, -1, 1 and 3) and (-2, -1, 1 and 2) 
shown in (A), (B), (C) and (D), respectively, of FIG. 20 
are generated by the dither coefficients generator 32, 
the dither coefficients (-5, -2, 1 and 2) are finally selected 
by the dither coefficient selector 33 the same as those 
described with reference to FIGS. 21 and 22. 
[0213] Furthermore, when the dither coefficients (3, 
-5, 5 and -3), (2, -4, 4 and -2), (1 , -3, 3 and -1 ) and (1 ,- 
2, 2 and -1 ) shown in (A), (B), (C) and (D), respectively, 
of FIG. 20 are generated by the dither coefficients gen- 
erator 32, the dither coefficients (3, -4, 3 and -1 ) are fi- 
nally selected by the dither coefficient selector 33 the 
same as those described with reference to FIGS. 21 and 
22. 

[0214] The dither coefficients (-5, -2, 1 and 2) and (3, 
-4, 3 and -1 ) may be adjusted by the dither coefficients 
adjuster 34 to (-4, -1 , 2 and 3) and (2, -3, 3 and -2), re- 
spectively. 

[0215] The same processing is executed for the dither 
coefficients (1) and (2) shown in (A) to (D) of FIG. 19. 
When the coefficients (1 ) shown in (A) to (D) of FIG. 1 9 
are used, the dither coefficients adjuster 34 outputs (4, 
1, -2 and -3). When the coefficients (2) shown in (A) to 
(D) of FIG. 19 are used, the dither coefficients adjuster 
34 outputs (-4, -1 , 2 and 3). 

[0216] Illustrated in FIG. 24 are dither coefficients pat- 
terns which are adjusted by the dither coefficients ad- 
juster 34 (FIG. 17) and added to the input video signal 
in accordance with dot data supplied to dot data 302 on 
the display panel 301 (FIG. 6) of the PDP 300. 
[0217] In (A) of FIG. 24, the dither coefficients (4, 1, 
4, 1, ... ) and (-2, -3, -2, -3, ...) are added to the video 



signal for the dot data on each odd and even line, re- 
spectively, on the display panel 301 beginning from the 
leftmost dot 302. 

[021 8] Furthermore, in (A) of FIG. 24, the dither coef- 
5 ficients (-4, -1 , -4, -1, ... ) and (2, 3, 2, 3, ...) are added 
to the video signal for the dot data on each odd and even 
line, respectively, on the display panel 301 beginning 
from the leftmost dot 302. 

[0219] The dither coefficients patterns (1) and (2) 
io shown in (A) of FIGS. 24 are switched for each field ac- 
cording to the switching data supplied to the dither co- 
efficients adjuster 34. 

[0220] The same addition processing is executed for 
the dither coefficients patterns (1 ) to (4) shown in (B) of 
15 FIG. 24. These four types of dither coefficients patterns 
are also cyclically switched for each field according to 
the switching data supplied to the dither coefficients ad- 
juster 34. 

[0221] Cyclic switching of dither coefficients patterns 
as described above will generate less noises such as 
pseudo edges on pictures when the patterns are added 
to a video signal. 

[0222] There are dither coefficients patterns other 
than those shown in FIG. 24, which are preferable in the 
third embodiment. Preferable dither coefficients pat- 
terns may be, for example, (-1 , 0, 1 and 0) including 0, 
and (5, 3, -2 and -6) or (6, -2, -3 and -1) including no 
same absolute value. The dither coefficients patterns 
may not consist of the same number of positive and neg- 
ative coefficients. 

[0223] For (2x2) dot matrices, the best dither coef- 
ficients pattern is, for example, (-2, 3, -3 and 2) shown 
in (B)of FIG. 23 for achieving continuous color gradation 
characteristics and extremely less generation of pseudo 
edges on pictures on the border between adjacent ma- 
trices, where the sum total of the coefficients is zero, the 
number of positive and negative coefficients is the 
same, and the absolute value for the opposing dots in 
the diagonal direction is the same, for example, 

I-2I = 1 2 1 = 2 and I-3I = I3I = 3, as shown in 
(B) of FIG. 23 (adjusted dither coefficients) 
[0224] Illustrated in (A) and (B) of FIG. 25 are process- 
ing executed by the video signal processor shown in 
FIG. 1 7 using the dither coefficients patterns (1 ) and (2), 
respectively, of FIG. 24, where two video signal compo- 
nents with the same data (9, 1 7, 3 and 5) are input for 
two successive fields. 

[0225] In (A) of FIG. 25, the dither coefficients pattern 
(4, 1 , -2 and -3) is added to an input 8-bit video signal 
by the adder 35 to obtain data (13, 18, 1 and 2). 
[0226] The data (13, 18, 1 and 2) might exceed the 
8-bit data (9, 17, 3 and 5). The values of the (13, 18, 1 
and 2) which overflow or underflow the values (9, 17, 3 
and 5) are limited by the limiter 36. The values of low 
two bits may also be dropped by the limiter 36 for a 6-bit 
PDP to obtain a 6-bit output video signal of data (1 2, 1 6, 
0 and 0). Each data is also expressed with a multiple of 
four. The actual data for the 6-birt output video signal 
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are (3, 4, 0 and 0). 

[0227] In (B) of FIG. 25, the dither coefficients pattern 
(-4, -1 , 2 and 3) is added to the input 8-bit video signal 
by the adder 35 (FIG. 1 7) to obtain data (5, 16,5and8). 
[0228] The data (5, 1 6, 5 and 8) might exceed the 8-bit 
data (9, 17, 3 and 5). The values of the (5, 16, 5 and 8) 
which overflow or underflow the values (9, 17, 3 and 5) 
are limited by the limrter 36. 

[0229] The output video signals shown in (A) and (B) 
of FIG. 25 are switched for each field according to the 
switching data supplied to the dither coefficients adjust- 
er 34. 

[0230] Video signal processing using the dither pat- 
terns (1 ) to (4) shown in (B) of FIG. 24 are basically the 
same as those discussed above with reference to FIG. 
25. The dither patterns (1) to (4) are switched cyclically 
for each field achieves multi-gradation spatially more 
continuous than those achieved by the dither patterns 
(1) and (2) shown in (A) of FIG. 24. 
[0231] As disclosed above, the third embodiment di- 
vides the color gradations into a plurality of groups, and 
adjusts a dither coefficients pattern preferable for each 
gradation group to another dither pattern having new co- 
efficients which is then added to an input video signal, 
thus achieving more effective gradation adjustments 
than the first and second embodiments. 
[0232] Furthermore, as shown in FIG. 20, the dither 
coefficients patterns are added to the input video signal 
for the low-luminance level regions (gradation levels 63 
or under) where gradations would otherwise be degrad- 
ed due to reverse-gamma correction, thus achieving ex- 
tremely less increase in the overall gradation of the out- 
put signal and providing pictures with almost the same 
gradation as those of the input video signal. The grada- 
tion adjustments are more effective by making larger the 
weightings (absolute values) for the dither coefficients 
as the gradations become smaller, as shown in FIG. 20. 
[0233] Each dither coefficients pattern in the third em- 
bodiment consists of positive and negative coefficients 
for each dot 302 (FIG. 6) in the direction of time, the sum 
total of which is zero, thus addition of these patterns to 
an input video signal will not promote increase in the 
overall color gradation. * 
[0234] The processing illustrated in FIGS. 21 and 22 
are for the dots 302 where there are big differences in 
level of adjacent gradations, such as, the levels 12, 18, 
33 and 57. However, for dots where there are not so big 
differences in level of adjacent gradations and which are 
in the gradation groups shown in FIG. 18, the dither co- 
efficients patterns decided as shown in FIGS. 21 and 22 
become the same as shown in FIG. 18. 
[0235] The dither coefficients patterns shown in FIG. 
1 8 are set so that the sum total of the coefficients in each 
pattern is zero, thus the sum total of the dither coeffi- 
cients which are actually added to a video signal is also 
zero. Extremely less noises will thus be generated on 
pictures when the dither coefficients shown in FIG. 18 
are added to a video signal where color gradations for 



the dots 302 (FIG. 6) are in the gradation groups shown 
in FIG. 18. 

[0236] Not only for each field, the dither coefficients 
patterns of the third embodiment can be switched for 
s each frame or each pixel block Furthermore, the dither 
coefficients patterns may be switched as time elapses 
or according to the locations on the display panel 301 
(FIG. 6). 

[0237] The dither coefficients patterns introduced in 
the third embodiment consist of the positive and nega- 
tive coefficients for adjusting color gradations so that the 
number of gradation levels of an output video signal is 
the same as that of gradations of an input video signal. 
On the other hand, addition of the dither coefficients is 
executed only for achieving continuous gradation line- 
arity. 

[0238] The final dither coefficients patterns can be de- 
cided for display apparatus with bw display perform- 
ance, thus achieving continuous gradation linearity with 
apparent increase in the number of gradation levels. 
[0239] Furthermore, not only to video signal compo- 
nents of gradation levels lower than a reference level, 
such as level 63 or under as shown in FIG. 18, the dither 
coefficients can be added to other video signal compo- 
nents of intermediate or high gradation levels or all the 
gradation levels, depending on qualities of pictures to 
be displayed. For covering any gradation levels, setting 
the weighting (absolute values) larger for the dither co- 
efficients as gradation levels become smaller is the best. 
However, not only this, weighting can be varied and dith- 
er coefficients patterns can be optimized depending on 
the gradation characteristics of a matrix display appara- 
tus. 

[0240] The dither coefficients patterns introduced in 
the third embodiment consist of an even number of co- 
efficients of (2 x 2) dot matrix. Not only this, however, 
dither coefficients patterns of an odd number of coeffi- 
cients are also advantageous. The dither coefficients 
generator 32 (FIG. 17) may generate dither coefficients 
patterns of an odd number of coefficients like those as 
shown in FIG. 8. In response to such patterns of an odd 
number of coefficients via the dither coefficients selector 
33, the dither coefficients adjuster 34 may generate dith- 
er coefficients patterns of an odd number of coefficients 
which will be added to an input video signal. Extremely 
less noises such as pseudo edges will thus be generat- 
ed on pictures. 

[0241] As disclosed above, the present invention em- 
ploys the dither coefficients patters where the sum total 
of the coefficients is zero. Addition of such dither coef- 
ficients patterns to an input video signal will not increase 
gradations of color for an output video signal in the di- 
rection of time. 

[0242] The present invention therefore achieves 
smooth and continuous color gradation characteristics 
with less visual luminance difference between adjacent 
gradation of color. The present invention thus provides 
high quality pictures with extremely less pseudo edges 
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which would otherwise be generated due to sub-field di- 
vision. 

[0243] Furthermore, according to the present inven- 
tion, color gradations of an input video signal are divided 
into a plurality of gradation groups and dither coeffi- 
cients patterns appropriate to the gradation groups are 
added to an video signal, thus achieving an effective ad- 
justment to all the gradations. 

[0244] Moreover, according to the present invention, 
the dither coefficients patterns are added to an input vid- 
eo signal for the low-luminance level regions where gra- 
dations would otherwise be degraded due to reverse- 
gamma correction, thus achieving extremely less in- 
crease in the overall gradation of the output video signal, 
and providing pictures with almost the same gradation 
as those of the input video signal. 
[0245] Furthermore, according to the present inven- 
tion, the color gradations are divided into a plurality of 
groups, and a dither coefficients pattern preferable for 
each gradation group is adjusted to another dither pat- 
tern having new coefficients which is then added to an 
input video signal, thus achieving effective gradation ad- 
justments. 



Claims 

1 . An apparatus for processing a video signal compris- 
ing: 

a generator to generate at least one dither co- 
efficients pattern signal carrying positive and 
negative dither coefficients arranged in an (n x 
m ) matrix where ■ n" and " m" being positive 
integers larger than zero, the sum total of the 
coefficients being zero; and 
an adder to add the dither coefficients of the 
pattern signal to an input video signal, thus out- 
putting a video signal. 

2. The apparatus according to claim 1, wherein the 
pattern signal carries an even number of the coef- 
ficients, addition of the coefficients in each of two 
group yielding zero when the coefficients are divid- 
ed into the two groups, both groups including the 
same number of the coefficients. 

3. The apparatus according to claim 1, wherein the 
pattern signal carries an odd number of the coeffi- 
cients, the coefficient located at the center of the 
matrix being zero. 

4. The apparatus according to claim 1 , wherein B n" 
and 1 m" are equal to each other. 

5. The apparatus according to claim 1, wherein the 
pattern signal carries the same number of the pos- 
itive and the negative coefficients. 



6. The apparatus according to claim 1 , the apparatus 
further comprising a selector to select one of dither 
coefficients pattern signals for each predetermined 
unit of picture carried by the video signal or accord- 
5 ing to locations of pixels on a display panel to which 
the output video signal is supplied, the adder adding 
dither coefficients of the selected pattern signal to 
the input video signal. 

10 7. An apparatus for processing a video signal compris- 
ing: 

a pattern generator to generate a plurality of 
dither pattern signals, each pattern signal car- 
15 rying positional data indicating locations of dith- 

er coefficients on pixels arranged in a matrix on 
a display panel; 

a coefficient generator to generate a dither co- 
efficient signal carrying the dither coefficients 
20 arranged in a matrix for each gradation level of 

an input video signal in response to one of the 
pattern signal; and 

an adder to add the coefficient signal to the in- 
put video signal, thus outputting a video signal 
25 to be supplied to the display panel. 

8. The apparatus according to claim 7, wherein 
weighting is applied to each dither coefficient, the 
lower the gradation level, the larger the weighting. 

30 

9. The apparatus according to claim 7 further compris- 
ing a selector to select the one pattern signal for 
each predetermined unit of picture carried by the 
video signal or according to locations of the pixels 

3S on the display panel. 

10. The apparatus according to claim 7, wherein the 
adder adds the coefficient signal to the input video 
signal at gradation levels equal to or lower than a 

40 predetermined level. 

1 1 . An apparatus for processing a video signal compris- 
ing: 1 

45 a generator to generate a plurality of dither co- 

efficient signals, each coefficient signal carry- 
ing dither coefficients arranged in a matrix; 
a detector to detect color gradation levels of an 
input video signal; and 
so an adder to add one of the coefficient signals 

to signal components at predetermined grada- 
tion levels of the input video signal, thus output- 
ting a video signal. 

55 12. The apparatus according to claim 1 1 , wherein each 
coefficient signal carrying positive and negative co- 
efficients arranged in an (n x m) matrix where " n" 
and 1 m" being positive integers larger than zero, 
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the sum total of the coefficients being zero. 

1 3. An apparatus for processing a video signal compris- 
ing: 

a coefficient generator to generate a plurality of 
dither coefficients pattern signals according to 
color gradation levels of data carried by an in- 
put video signal, the data being supplied to 
each of dot matrices that constitute pixels on a 
display panel, each pattern signal carrying dith- 
er coefficients arranged in a matrix correspond- 
ing to each dot matrix; 

a selector to select one of dither coefficients 
from each pattern signal with respect to each 
dot matrix, thus outputting a dither coefficients 
pattern signal that carries the dither coefficients 
selected from the pattern signals and arranged 
in the matrix; 

an adjuster to adjust the dither coefficients car- 
ried by the output pattern signal so that the sum 
total of the dither coefficients carried by the out- 
put pattern signal is zero; and 
an adder to add the dither coefficient-adjusted 
pattern signal to the input video signal, thus out- 
putting a video signal carrying the data to be 
supplied to the display panel. 

14. The apparatus according to claim 13, wherein 
weighting is applied to the dither coefficients carried 
by each pattern signal, the bwer the gradation level, 
the larger the weighting. 

15. The apparatus according to claim 13 wherein the 
selector selects one dither coefficient for each pre- 
determined unit of the data carried by the video sig- 
nal or according to locations of the pixels on the dis- 
play panel. 

16. The apparatus according to claim 13 wherein the 
dither coefficients carried by each pattern signal are 
arranged in an (n x m) matrix, where 1 n" and ' m" 
being a positive integer larger than zero. 

1 7. The apparatus according to claim 1 3, wherein each 
pattern signal carries an even number of the coef- 
ficients, addition of the coefficients in each of two 
group yielding zero when the coefficients are divid- 
ed into the two groups, both groups including the 
same number of the coefficients. 

18. The apparatus according to claim 1 3, wherein each 
pattern signal carries an odd number of the coeffi- 
cients, the coefficient located at the center of the 
matrix being zero. 

19. The apparatus according to claim 16, wherein ■ n" 
and " m" are equal to each other. 



20. The apparatus according to claim 1 3, wherein each 
pattern signal carries the same number of the pos- 
itive and the negative coefficients. 

s 21. A method of processing a video signal comprising 
the steps of: 

generating at least one dither coefficients pat- 
tern signal carrying positive and negative dither 
10 coefficients arranged in an (n x m) matrix 

where " n" and " m" being positive integers larg- 
er than zero, the sum total of the coefficients 
being zero; and 

adding the dither coefficients of the pattern sig- 
15 nal to an input video signal, thus outputting a 

video signal. 

22. The method according to claim 21 further compris- 
ing the step of selecting one of dither coefficients 

£0 pattern signals for each predetermined unit of pic- 
ture carried by the video signal or according to lo- 
cations of pixels on a display panel to which the out- 
put video signal is supplied, dither coefficients of the 
selected pattern signal being added to the input vid- 

25 eo signal. 

23. The method according to claim 21 , wherein the pat- 
tern signals are generated so that each pattern sig- 
nal carries an even number of the coefficients, ad- 

30 dition of the coefficients in each of two group yield- 
ing zero when the coefficients are divided into the 
two groups, both groups including the same number 
of the coefficients. 

35 24. The method according to claim 21 , wherein the pat- 
tern signals are generated so that each pattern sig- 
nal carries an odd number of the coefficients, the 
coefficient located at the center of the matrix being 
zero. 

40 

25. A method of processing a video signal comprising 
the steps of: 

i i 

generating a plurality of dither pattern signals, 
45 each pattern signal carrying positional data in- 

dicating locations of dither coefficients on pixels 

arranged in a matrix on a display panel; 

generating a dither coefficient signal carrying 

the dither coefficients arranged in a matrix for 
50 each gradation level of an input video signal in 

response to one of the pattern signal; and 

adding the dither coefficient signal to the input 

video signal, thus outputting a video signal to 

be supplied to the display panel. 

55 

26. The method according to claim 25, wherein the dith- 
er coefficient signal generating step comprises the 
step of applying weighting to each dither coefficient, 
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the lower the gradation level, the larger the weight- 
ing. 

27. The method according to claim 25 further compris- 
ing the step of selecting the one pattern signal for 
each predetermined unit of picture carried by the 
video signal or according to locations of the pixels 
on the display panel. 

28. The method according to claim 25, wherein the ad- 
dition step comprises the step of adding the coeffi- 
cient signal to the input video signal at gradation lev- 
els equal to or lower than a predetermined level. 

29. A method of processing a video signal comprising 
the steps of: 

generating a plurality of dither coefficients pat- 
tern signals according to color gradation levels 
of data carried by an input video signal, the data 
being supplied to each of dot matrices that con- 
stitute pixels on a display panel, each pattern 
signal carrying dither coefficients arranged in a 
matrix corresponding to each dot matrix; 
selecting one of dither coefficients from each 
pattern signal with respect to each dot matrix, 
thus outputting a dither coefficients pattern sig- 
nal that carries the dither coefficients selected 
from the pattern signals and arranged in the 
matrix; 

adjusting the dither coefficients carried by the 
output pattern signal so that the sum total of the 
dither coefficients carried by the output pattern 
signal is zero; and 

adding the dither coefficient-adjusted pattern 
signal to the input video signal, thus outputting 
a video signal to be supplied to the display pan- 
el. 

30. The method according to claim 29, wherein pattern 
signal generating step comprises the step of apply- 
ing weighting to the dither coefficients carried by 
each pattern signal, the lower the gradation level, 
the larger the weighting. 

31 . The method according to claim 2 9 wherein the se- 
lection step comprises the step of selecting one 
dither coefficient for each predetermined unit of the 
data carried by the video signal or according to lo- 
cations of the pixels on the display panel. 

32. The method according to claim 29, wherein the pat- 
tern signals are generated so that each pattern sig- 
nal carries an even number of the coefficients, ad- 
dition of the coefficients in each of two group yield- 
ing zero when the coefficients are divided into the 
two groups, both groups including the same number 
of the coefficients. 



33. The method according to claim 29, wherein the pat- 
tern signals are generated so that each pattern sig- 
nal carries an odd number of the coefficients, the 
coefficient located at the center of the matrix being 
s zero. 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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